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ABSTRACT: In this work, pure copper oxide and Fe-doped copper oxide nanostructures
[Cui.x FexO where 0 <x <0.08 in steps of 0.02] were synthesized using the co-precipitation method.
Iron nitrate nano-hydrate and copper nitrate trihydrate were used as precursors and NaOH
was used as precipitating agent. The samples were investigated by X-Ray Diffraction (XRD),
Scanning Electron Microscopy (SEM), Energy-Dispersive X-ray Spectroscopy (EDS), and UV-Visible
spectroscopy for their structural, morphological, and optical properties, respectively. The effect
of iron concentration on antibacterial activity and hemolysis was also investigated for Escherichia
coli and Bacillus Subtilis. The XRD pattern showed a single-phase monoclinic structure of CuO
nanoparticles. The average crystallite size of pure copper oxide was found 39 nm whereas
the average crystallite size of Fe-doped CuO was found in the range 39-44 nm. It was observed
that average crystallite size was increased with an increasing iron concentration in CuO. Scanning
electron microscopy analysis showed spherical-like morphology and EDS confirmed the presence
of iron and copper with proper composition. UV-Vis spectroscopy results showed that the band gap
was decreased with increasing iron concentration. Samples prepared with higher concentrations
of iron exhibited high E. coli and B. subtilis antibacterial activity. Low hemolytic is safer to be used
in various applications such as drug delivery.
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INTRODUCTION

Transition metals oxides have been attracted due to
their physical properties and technological applications
such as gas sensors [1], spintronic devices [2], magnetic storage
media [3], solar energy conversion [4], electronics [5-6], and
catalysis [7-8]. Cupric oxide (CuO) is a key-note p-type
semiconductor that has a narrow band gap. The chemical
and physical properties of the CuO nanoparticles are
strongly dependent on their shape, size, and structure [9].
In the past, nanoparticles were used for different
applications and doping of metal oxides was done to
enhance their properties in order to employ these in
different fields such as solar cells [10], photocatalysis [11],
photodegradation [12], and sensors [13]. There are
different approaches have been adopted to prepare pure
and doped nanoparticles such as thermal decomposition [14],
hydrothermal [15], sol-gel [16], and combustion methods.
The co-precipitation method has many advantages such as
low cost, simplicity, and low process temperature.
Nanotechnology has many applications in different fields
such as nanomedicine [17], biomedical [18], and drug
delivery [19]. Metal oxides such as ZnO, TiO, CuO, etc [20-24]
and their composites [25-29] have been used extensively
as antibacterial agents. As copper oxide and iron oxide are
studied individually in terms of their antibacterial activity,
it will be interesting to study the antibacterial properties
of iron-doped copper oxide [30-33]. A comprehensive
study of the already published reports has highlighted
the fact that only the effect of iron doping in copper oxide
on antibacterial properties has been investigated for
various gram-positive and gram-negative bacteria [34-35].
In addition to understanding the role of doping, no sort of
work has been done so far to investigate the structure-property
relationship of Fe-doped copper oxide. It is considered that
any change in size, shape, and structure may affect
the Physico-chemical as well as biological properties
of the materials. In this research work, we report the structural,
morphological, and optical properties of the undoped and
doped CuO nanoparticles synthesized by the Co-precipitation
method. The prepared samples were analyzed by X-ray
diffraction, Scanning electron microscopy, energy-dispersive
X-ray spectroscopy, and UV-Vis spectroscopy. Furthermore,
the cytotoxic and antibacterial activity of these samples against
E. Coli and B. Subtilis was also investigated from the perspective
of the doping and structure-property relationship of these samples.
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It is expected that there will be an enhancement in
antibacterial activity for this doping against different bacteria.

EXPERIMENTAL SECTION
Chemical and reagents

In this work, Copper nitrate [Cu (NO3)2.3H20], and
iron nitrate [Fe (NOs)s. 9H,0] and sodium hydroxide (NaOH)
were used. All the chemicals were of analytical grade and
used without any further purification. Said compounds
were purchased from Sigma-Aldrich.

Synthesis of Fe-doped copper oxide

The schematic diagram of the preparation of Fe-doped
CuO nanoparticles [Cui.xFexO where 0 < x < 0.08 in steps
of 0.02] is shown in Fig. 1. Stoichiometric amounts of salts
such as copper nitrate, iron nitrate, and sodium hydroxide
were dissolved in 20 mL of de-ionized water and stirred
for 2 h. The precipitates were collected by filtration
and washed 2-3 times with de-ionized water to remove
by-products such as NaNOs. It was then dried at 80 °C for
3 hinan oven (Model Shel-Lab) and ground with an agate
pestle and mortar to get the fine powder of the prepared
sample. The resulting powders were then calcined in air
at 800 °C for 5 h in a furnace (Model SNOL-LHM).

Characterization

The powder X-ray diffraction was performed through
XRD system Model (PANalytical) with Nickel filtered
CuK, (A= 1.5405 A) radiation. The average crystallite size
was calculated by using Scherer’s formula. The scanning
electron microscopy (SEM) studies were carried out using
SEM Model (JEOL-JSM 5910). The absorption spectra of
prepared samples were recorded with UV-Vis
spectrophotometer PG Model T-80. The spectra were
recorded in the range of 200-800 nm. The average
crystallite size, lattice parameters, volume of the unit cell,
and theoretical density were calculated by using the
following relations
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Fig. 1: Preparation of Fe-doped CuO nanoparticles.
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Where D is average crystallite size, B is line width (FWHM),
0 is the angle of diffraction and A is the wavelength
of X-rays used. n is the number of atoms per unit cell,
M is the molar weight of the copper oxide, N, is
Avogadro’s humber and V,,,; is the volume of the unit cell.

Antibacterial activity evaluation
Selection of bacterial and culture preparation
Escherichia coli, Bacillus subtil, Tiron-X, and PBS
were used for antibacterial activity. This was done by
the good diffusion method. Fresh cultures were prepared
using growth media (Nutrient ager, Oxoid UK) for
bacterial strains. Sterilized conditions were maintained
in order to avoid contamination.

Antimicrobial assay by well diffusion method
Antibacterial activities of pure and Fe-doped CuO
nanoparticles were determined by using the good diffusion
method [36]. The antimicrobial activity of Fe-doped
copper oxide with different concentrations was tested
against the bacterial strain. Fresh growth media for
the bacterial strain was prepared. In order to minimize
the chance of contamination, wet sterilization method
was used in which agar solution was first autoclaved at 120 °C
for 20 min. An amount (50 mL) of autoclaved Nutrient
agar was taken in Petri plates. To this, 20 pL of the fresh
culture of each microorganism was added and mixed well.
After the solution solidified, 100 uL of positive control
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Tiron-X was used as an antibacterial. Then, these Petri
plates were incubated at 37 °C for 24 h. Clear zones
were observed for the samples having antibacterial activity
in terms of bacterial growth inhibition.

Cytotoxic activity

The cytotoxic activity was determined by the previously
reported method [37]. Briefly, 5 mL of the blood of a healthy
volunteer was collected in the heparinized tube. Blood
was centrifuged at 1500 rpm for 5 min. Plasma was discarded
and phosphate buffer saline (PBS) was used for washing
the pellet. Prepared sample dispersion (0.5 mL) was mixed
in cell suspension of 0.5 mL and this mixture was centrifuged
for 5 min. The free hemoglobin in the supernatant was measured
in a microplate reader (BioTek, USA) at 540 nm. PBS
was used as negative control and Triton-X-100 as a positive
control for this assay. The level of percentage hemolysis
by the samples was calculated according to the following
formula:

%Cytotoxic= (%)

Sample abs-Negative control abs
x100

Postitive control abs

RESULTS AND DISCUSSION
XRD Analysis

The XRD patterns of prepared Fe-doped CuO
nanoparticles at different concentrations (0.00, 0.02, 0.04,
0.06 and 0.08) are shown in Fig. 2. X-ray diffraction
patterns confirm the crystalline structure of Fe-doped CuO
nanoparticles. The observed diffraction peaks at 26
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Table 1: Structural parameters of prepared pure and Fe-doped CuO nanoparticles from XRD.

f S Sample Average crystallite Lattice constants (A) Volume of unit cell Theoretical density
r. No - . 3 3
concentration % size (nm) a b c A (g/cm?)
1 0.00 43 4.50 3.42 5.05 6.9 7.61
2 0.02 39 459 3.42 5.05 7.01 7.52
3 0.04 41 414 3.42 5.04 7.04 7.49
4 0.06 42 4.00 341 5.15 7.03 7.47
K 5 0.08 44 4.05 3.42 5.04 6.9 7.60 j
]} & Esss5sg - -
— L heeehhee A,
(x= 0.08)
l l 43
i P PP
(x= 0.06) 42 4

I

(x=0.04)

'S SN
| I

20 30 40 50 60 70
20 (degree)

Intensity (a.u.)

(x= 0.00)
A e

Fig. 2: XRD pattern of Pure and Fe-doped CuO prepared at
different concentrations.
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Fig. 4: SEM images of Fe-doped CuO nanoparticles (a) x = 0.00 (b) x = 0.02 (c) x = 0.04.

of 32.63°, 35.63°, 38.83° 48.83° 53.57°, 58.38°, 61.61°
68.14° and 69.43° referred to hkl planes (110), (111), (111),
(200), (202), (002), (113), (220) and (311) respectively.
The JCPDS file No. 36-1451 revealed that the synthesized
Fe-doped CuO has a monoclinic structure. The average
crystallite size, lattice constants, unit cell volume, and
theoretical density were calculated from X-ray diffraction
data and obtained results are listed in Table 1. It is found that
with increasing concentration of Fe in CuO, average
crystallite size also increases as shown in Fig. 3 and which is
in good accordance with the previously reported work [38].
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SEM Analysis

The electron Scanning Electron Microscopy (SEM)
images of samples with different concentrations (0.00,
0.02, 0.04) are shown in Fig. 4. Scanning microscopy also
revealed the information about surface shape and
composition of nanostructure. SEM images show that
Fe-doped CuO nanostructures were sphere-like shape
at higher concentration and it is evident that at the different
concentrations, size and shape have significant effect on
the morphology of nanostructures. Particle size from SEM
micrographs was analyzed by Image J software. Particle
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Table 2: Analyzed parameters of SEM images at 0.00, 0.02 and 0.04 of Fe concentration in CuO.
f Sample (x) Average particle size (nm) Standard deviation (nm) w/2 Polydispersity (%) Average grain size (nm) \
0.00 294.94 147.47 50 235.60
0.02 162.65 81.65 50 203.05
\_ 0.04 237.34 118.67 50 285.31 Y
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Fig. 5: The particle size distribution of Fe-doped CuO nanopatrticles (a) x = 0.00 (b) x = 0.02 (c) x = 0.04.

distribution and related parameters were calculated and
shown in Fig. 5 and Table 2.

EDS analysis

Chemical composition analysis of synthesized Fe-doped
CuO particles (Cuix FexO) at x = 0.02 was carried out
and EDS spectrum is shown in Fig. 6. It is evident that
the presence of iron which was confirmed in copper oxide
and it is also observed that the sample is free from
impurities. The analysis shows that the iron composition
of 2% is found in close agreement with the used concentration
at the time of its synthesis.
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UV-Vis analysis

The absorption spectrum of pure copper oxide
nanoparticles is shown in Fig. 7(a). The optical band gap
was calculated using Tauc’s plot in which the following
equation [39] was used.

a=A(E-Eg)" (6)

Where « is the absorption coefficient having units in cm?,
A is a constant that depends on the nature of the material,
E is the photon energy, Eg is the band gap and
n is a constant whose values depend upon the nature
of electronic transitions. Generally, it has the value of
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Fig. 6: EDX analysis of Fe-doped copper oxide showing
the elemental composition [x = 0.02].

n = Y% for direct transition whereas for indirect it can have
a value of n = 2. Figs. 7(b) and 7(c) show tauc’s plot for both
of these transitions. The indirect and direct band gaps of pure
CuO nanoparticles are found to be 1.8 eV and 1.9 eV
respectively. Furthermore, band gaps found from these
transitions can be used to predict the crystallinity of materials.
A higher band gap from direct transition as compared to
indirect transition is an indication of crystalline material.
Therefore, the prepared pure CuO nanoparticles, in our case,
are of crystalline nature and this result also supports the XRD
results discussed in previous sections [40].

The absorption spectra of Fe-doped CuO nanoparticles
synthesized by the co-precipitation method at different
concentrations [0.00, 0.02, and 0.04] are shown in Fig. 8(a).
The optical absorption measurements of Fe-doped CuO
nanoparticles are carried out in the range of wavelength
200 nm to 800 nm. The absorption of the incident radiation
depends on the shape and size of the nanoparticles.
The band gaps of the Fe-doped CuO nanoparticles are obtained
from the plot between hv vs (ahv)?, see Fig. 8(b). The results
revealed that the band gap decreased with an increase
in iron concentration which showed red shifting. This red
shifting in optical band gaps could be due to the quantum
confinement effects [41].

Antibacterial activity

Antimicrobial activity of pure and Fe-doped copper
oxide with different concentrations of Fe (0.00, 0.02, 0.04,
0.06, and 0.08) is carried out against Bacillus subtilis
(Gram-positive) and Escherichia coli (Gram-negative)
bacterial strains. The Fe-doped copper oxide nanoparticles
showed excellent antibacterial results against the selected
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Fig. 7: (a) UV-spectrum of pure copper oxide, Tauc plots of
pure CuO (b) direct transitions (c) indirect transitions.

bacteria. At higher concentrations of iron, the zone of
inhibition is increased for E. coli and B. subtilis as shown
in Fig. 9 and Table 2.

Hemolysis activity

This rapid assay is used to screen the cytotoxicity
of different samples. The percentage of hemolysis for Fe
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Table. 2: Zone of inhibition of Fe-doped CuO at different concentrations against the E. coli and B. subtilis bacterial strain.

4 Sample E. coli (mm) B. subtilis (mm) N\
Fe-doped CuO (0.00) 20 11
Fe-doped CuO (0.02) 21 13
Fe-doped CuO (0.04) 24 14
Fe-doped CuO (0.06) 25 16
Fe-doped CuO (0.08) 27 17
k Ampicillin 31 19 /
——0.00% o
0.60 —0.02% 70 - o
(@) —0.04% 0.04%
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Fig. 8: (a)UV-vis spectrum of different concentrations (0.00, 0.02, 0.04) of Fe doped CuO (b) plot (ahv)? vs hv.

o

B Y,

Fig. 9: Zone of inhibition of Fe-doped CuO nanoparticles at different concentrations against (a) E. coli (a) and (b) B. subtilis.

concentrations of 0.00, 0.02, 0.04, 0.06, and 0.08 are shown
in Fig. 10. The hemolysis activity is found to be 15. 65 %
for pure CuO and for the higher concentration of Fe
(0.08 %) in CuO is also found at about 7.95 %. The
results show that with an increasing concentration of Fe,
hemolysis activity decreases. As a positive control,
Triton-X was used and its percentage of hemolysis is 92 %.
And negative control PBS was used and its percentage
of hemolysis is 1. 12%.
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CONCLUSIONS

Fe-doped copper oxide nanoparticles were prepared
successfully by co-precipitation method at different
concentrations of Fe in CuO nanoparticles and investigated
by various techniques such as XRD, SEM, EDS, and
UV-Visible spectroscopy. Their antibacterial and hemolytic
properties were also investigated. The prepared Fe-doped
copper oxide nanoparticles were confirmed with a pure
monoclinic phase. The average crystallite size was found
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Fig. 10: Hemolysis analysis of Fe-doped copper oxide
nanoparticles at different Fe concentrations.

in the range of 39-44 nm. The morphology of the Fe-doped
copper oxide was found to be sphere-like. The UV-visible
spectroscopy confirmed that the band gap decreased
with increased iron concentration from 1.8 eV t01.6 eV.
The Fe-doped copper oxide showed promising
antibacterial activity against E. coli and B. subtilis as the zone
of inhibition was increased for high iron concentration.
It is also found that for higher iron concentration in CuO,
the hemolysis activity was low (~ 50 %) as compared
to pure CuO. Low hemolytic activity is safer to be used
in various applications such as drug delivery.
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